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R32425% or 75%, respectively, on one lever
and vice-versa on the other, with the
‘good’ lever switching between
sessions. The animals made a mixture
of free and forced choices, allowing the
experimenters to assess if the animals
had learned the value of the leverswhile
ensuring dopamine recordings in all
conditions.
By measuring the dopamine release
in the deterministic case they were able
to test the ‘no surprise equivalence’
axiom, showing that the dopamine
release is the same when the animal
receives one pellet or four pellets with
certainty. Using the probabilistic
sessions where the animals experience
a reward prediction error on every trial,
they are able to test the remaining two
axioms. The ‘more is better’ axiom was
satisfied, because four pellets caused a
larger dopamine release than one pellet
for both probability conditions. The
‘surprise coherence’ axiom was
satisfied, because the 25% probability
evokedmore relative dopamine release
than the 75% for each of the two
outcomes. While practical limitations
prevent the exhaustive testing of every
possible outcome and probability
combination, these results provide a
different kind of support for the
dopamine reward prediction error
hypothesis than has been shown
before: they provide evidence that the
necessary and sufficient conditions
can be met for dopamine release to
encode a reward prediction error. It is a
legitimate question whether we should
consider the axioms satisfied, given
that they only tested two probability
conditions, but the same practical
limitations precluding exhaustive
testing here are true for all other
approaches (for example, model
comparison). The benefit of this
approach is that if we really believed an
axiom is falsified, it would call for a
much deeper reconsideration of the
theory being tested than merely failing
a statistical test.
Hart et al. [8] then addressed the
apparent contradiction caused by
the non-linear response to reward
prediction errors observed in
dopamine neuron firing rates. Because
dopamine neurons have low baseline
firing rates it has long been thought
difficult or impossible for dopamine to
encode both the positive and negative
differences from expectation
necessary for a reward prediction error
[1,2,9,13] (Figure 1, solid line),
presumably requiring a second systemto carry negative reward prediction
errors. Interestingly, the relationship
between reward prediction error and
dopamine release was completely
linear over the range measured,
suggesting that the kinetics of
dopamine release, dopamine
re-uptake and other mechanisms
removed the non-linearity observed
between the neural firing rate and
reward prediction error (Figure 1,
dashed line).
Not every neuroscience theorywill be
amenable to axiomatization and, while
this work does not preclude different
dopamine release properties in other
areas or resolve questions about
what kind of temporal difference
reinforcement learning may be
employed, it should encourage future
interactions between the reinforcement
learning, neuroeconomics and
neuroscience communities.References
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Horizontal TangoSeptins are a family of membrane-associated filamentous proteins that are
essential inmany biological processes, such as cell division. A recent study has
provided the first visualization of septin filament formation in real time, leading
to important new insights into their organization.Theodore Pham, Jessica E. DiCiccio,
and William S. Trimble*
The septins comprise a family of
cytoskeletal GTPases that wereoriginally identified as being essential
for proper cell division in budding yeast
[1]. Septins form distinct, dynamic
structures that line, and subsequently
flank the bud neck betweenmother and
Dispatch
R325bud during cell division [2]. The
absence of functional septins results in
cytokinetic failure [3]. Over forty years
after their discovery, it is now
appreciated that septin assemblies are
important in a vast array of other
biological processes, including
metazoan cytokinesis, phagocytosis,
cell motility, and the proper
development of primary cilia, neuronal
morphology, and spermatogenesis [1].
However, how septins oligomerize to
form structures to support these
processes remains poorly understood.
In a recent study, Bridges et al. [4]
provide fresh insight into the initial
events of septin structure assembly.
Individual septins oligomerize to
form a variety of different structures,
including filaments, rings, and
meshes [2,5,6]. These ‘higher order’
structures are thought to be composed
of octameric subunits, as characterized
by electron microscopy and
crystallography [7,8]. Individual septin
monomers interact with one another
through two distinct interfaces: a GTP-
binding domain, and a face defined by
the amino- and carboxy-terminal ends
of the protein [8]. As the orientation
of the monomers alternate along
the complex, the resulting
octamer is palindromic and
non-polar (Figure 1B).
In addition to binding one another to
form filamentous complexes, septins
also bind directly to lipids through
a highly conserved polybasic region
that has been shown to bind
phosphatidylinositol 4,5-bisphosphate
(PIP2) [9]. Indeed, structural studies of
the septin complex illustrate that
the polybasic domain in each
septin monomer contributes to the
formation of a charged face on the
septin complex, allowing for
the close apposition of the filament
against plasma membrane [10].
Interestingly, septins are also capable
of inducing membrane curvature.
The addition of purified recombinant
septins to giant unilamellar vesicles
induced extensive tubulation, and
septin filaments were observed to wrap
around the extruded membrane [11].
Previous work both in vitro and
in vivo has revealed the ordering of
septin monomers as well as the
morphology of higher order septin
structures, but the dynamics of septin
assembly remains poorly understood.
The stoichiometry, composition and
order of septin monomers in the
octameric rod has been elucidatedthrough single particle analysis and
rigorous co-immunopurification
studies [7,12,13]. With these
parameters in mind, many studies
using purified recombinant septins
have demonstrated the possibility
of generating different structures
in solution and on lipid bilayers [5,14].
However, it remains to be determined
whether these in vitro-generated
structures are comparable to those
present in living cells. If so, what are the
intermediate stages involved in their
assembly?
To address the question of how
septin structures are formed, Bridges
et al. [4] initially tagged an endogenous
septin with green fluorescent protein
(GFP) in three different fungi
(Saccharomyces cerevisiae,
Schizosaccharomyces pombe, and
Ashbya gossypii), and carefully
performed molecular brightness
measurements in the cytosol by
fluorescence correlation spectroscopy
(FCS). Independent of which septin
monomer was fluorescently tagged,
each septin molecule predominantly
had a brightness comparable to two
molecules of GFP, indicating that the
majority of septin molecules in the
cytosol exist as octamers (Figure 1B).
This is the first study to characterize the
state of the septin complex in the
cytosol of living cells. Measuring the
intensity of diffraction-limited septin
particles decorating the plasma
membrane by total internal reflectance
microscopy (TIRF) revealed that they
are composed of multiple octamers
(Figure 1C,D). These septin particles at
the membrane appear to diffuse within
the plane of the membrane and
combine to form longer filaments,
which the authors refer to as an
‘annealing’ event.
These observations were found to
be septin-intrinsic, as the authors
were able to reconstitute this behavior
in vitro without additional cellular
factors. Recombinant septins, like
their in vivo counterparts, existed as
octamers in solution. Upon addition of
this solution of octamers to supported
lipid bilayers containing PIP2,
diffraction-limited septin particles
immediately appeared on the bilayer.
The smallest septin particles
consisted of single octamers (by
molecular brightness), again
suggesting that individual octameric
rods, and not monomers, associate
with membranes. These particles very
quickly formed short filaments visibleby TIRF microscopy of the supported
lipid bilayer. In this in vitro system,
many annealing events could be
observed, which allowed the authors
to describe a number of different
behaviors of septin filaments.
Remarkably, these filaments only
elongated by end-on-end annealing
between filaments — no branching
(end-to-side) or lateral association
(side-to-side) between filaments were
observed. This was confirmed by the
addition of mCherry-labeled septin
complexes to GFP-labelled filaments
previously allowed to bind to
membrane. The mCherry-labeled
complexes appeared only on the ends
of the preformed GFP filaments
(Figure 1G). As expected for a
non-polar filament, both ends were
shown to be competent for the
addition of new subunits — the first
explicit demonstration that septin
filament growth is bidirectional. The
majority of observed filament growth
was as a result of annealing at the
membrane, rather than from bulk
solution. Severing of septin filaments
was also observed, which tended to
occur at sharp kinks in the filament
(Figure 1F). Products of filament
severing were still competent to
re-elongate by annealing (Figure 1G),
which suggests that breakage
specifically occurs between octamers.
Bridges et al. suggest a model where
septin monomers assemble into their
prototypic octameric rods in the
cytosol, which then further associate
on the membrane. The increase in local
concentration that arises exclusively
from capture by a 2D surface is
insufficient for filament elongation.
When octamers were immobilized on
glass, it was observed that filaments
did not form by recruitment from bulk
solution, suggesting that lateral
diffusion plays an important role in
promoting end-on-end contact.
Interestingly, filament formation is
indifferent to the mode of association
with membranes. Nickel-functionalized
lipids were able to recruit octameric
complexes containing His-tagged
septins in the absence of PIP2 in the
supported lipid bilayer. Filaments
formed on these bilayers were able to
diffuse, and thus elongate by
end-on-end interaction.
If septin structures form readily when
provided with a PIP2-containing
membrane, then controlling this
association would be an attractive
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Figure 1. A model for membrane-mediated elongation of septin filaments.
A septin monomer is polar (A), and interacts with its partner septins via a GTPase domain (here,
represented by a flat surface) and an interface defined by the amino and carboxyl terminus
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R326that the distribution of PIP2 is tightly
controlled by the combinatorial actions
of lipid kinases and phosphatases.
It is not inconceivable that the local
concentration of PIP2 on cell
membranes may dictate what septin
structures can form. For example,
successful cytokinesis between
mammalian cells requires PIP2
accumulation at the cleavage furrow
[15], while efficient phagocytosis
involves transient localized
accumulation of PIP2 in phagocytic
cups [16]. Septins have been shown to
localize to both of these structures
[17,18]. Interestingly, these are also
regions of increased membrane
curvature. Perhaps membrane
geometry can alter the balance
between filament elongation and
severing, accounting for the dynamic
nature of septin structures during these
biological processes.
The organization of septins into
dynamic, complex structures is clearly
important for their function in cells.
However, much remains to be studied
about the events between core
octamer formation and their assembly
into higher order structures. Bridges
and colleagues have provided crucial
insight into the dynamics of septin
octamer organization and developed a
powerful model to examine the linear
polymerization of septin filaments.
Short membrane-associated filaments,
visible by light microscopy, arise from
single octamers that are recruited from
bulk solution. These filaments diffuse
freely within the membrane, promoting
end-on-end collisions that result in
filament elongation. This was the sole
mechanism observed to grow septin
filaments. These findings raise many
questions, but also have provided a
tool by which to address them. How are
structures such as meshes and
bundled filaments formed, if not by(represented by a concave surface). Here,
endogenous S. cerevisiae Cdc11 is tagged
with GFP. The octameric complex is com-
posed of two copies of each septin, Cdc11,
Cdc12, Cdc3, andCdc10, resulting in amolec-
ular brightness comparable to two single GFP
molecules (B). This rod structure is then
recruited onto the plasma membrane
through association with phosphatidylinositol
4,5-bisphosphate (PIP2) (C,D), where it
quickly grows to form filaments observable
by total internal reflectance microscopy
(TIRF) (E). These filaments diffuse and elon-
gate by end-on-end addition (G). Filaments
are flexible and can sever, which occurs at
kinks in the filament (E). Severed filament
ends are still capable of end-to-end addition.
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R327end-to-side or side-to-side filament
interactions?
By slightly modifying the parameters
of the experimental model, one can
begin to investigate these questions.
For example, Shs1 is a prime candidate
for further study, as it has previously
been shown to substitute for the
terminal Cdc11 in the octamer
complex. In vitro, the substitution of
Cdc11with Shs1 results in the dramatic
formation of ring and mesh structures
in conditions that originally favoured
single octamers and filaments [14]. If
this single subunit change is sufficient
to generate distinct septin structures,
then it is possible that the 13
mammalian septin genes (many of
which encode for multiple isoforms) are
able to form a large repertoire of unique
structures. This work opens many
avenues that allow for future
investigation of the roles of factors
such as local lipid concentration,
association with septin binding
proteins and post-translational
modification in the formation of the
wide variety of septin structures.References
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BehaviorFemales of many species, once mated, undergo a rapid change in reproductive
physiology and behavior, shifting froma sexually receptive state to one devoted
to the rearing of offspring. Two recent reports shed light on the neural circuitry
governing the female post-mating response in the fruit flyDrosophila, providing
insight into the neurobiological processes governing a complex behavior.Joshua J. Krupp and Joel D. Levine
‘‘There are lots of things that you can do
alone’’, but when it comes to courtship
and mating, as the song goes, ‘‘it takes
two to tango’’. If one partner is not
disposed to dance, well, the other
partner is just plain out of luck. Recent
advances in the neurobiology of
reproductive behavior of Drosophila
have begun to address the steps (and
missteps) of this ‘tango’ — from a
standpoint of both the male and female
of the species.Drosophila courtship is like a dance
involving visual, auditory, and chemical
cues [1]. Although the male is the more
flamboyant of the partners, the female
is the one that ‘leads’ and often
determines whether mating will occur.
Females unreceptive to mating exhibit
rejection behaviors including kicking
and ovipositor extrusion, whereas
receptive females facilitate copulation
by slowing down and ceasing rejection
behaviors. While virgin females are
highly receptive and rapidly copulate
with a suitable partner, mated femalesundergo a rapid change in their
physiology and behavior, becoming
temporarily sexually unreceptive to
further copulation, while increasing
feeding, ovulation and egg-laying [2]. It
is thought that instead of investing time
and energy in potentially risky and
unnecessary behavior (by mating
multiple times), once mated, females
shift to behaviors that promote the
generation of offspring. This shift in
female reproductive physiology and
behavior is called the post-mating
response.
The post-mating response is thought
to be triggered primarily by sex peptide
(SP), a small peptide synthesized by
the male and transferred to the female
during insemination [2]. Femalesmated
to SP-deficient males re-mate when
assayed 24-hours after their first
mating [2], while virgin females injected
with SP are rendered unreceptive
by the next day [3]. A SP-responsive
G protein-coupled receptor for
